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FIG. 17

‘ START ’

FORMATION OF A GUIDE LAYER ON A SURSTRATE,

THE LAYER INCLUDING REGIONS WITH WIDTHS W1, W2, AND W3
DISPOSED IN SEQUENCE ON THE SUBSTRATE,

SURFACE ENERGIES OF THE REGIONS WITH WIDTHS W1, W2, AND ~_ S10a
W3 BEING DIFFERENT FROM EACH OTHER,

WHERE W1 = (d/2)xn1, W2 = (/2)xn2, W3 = (d/2)xn3, ANY ONE OF nf to
n3 IS AN EVEN NUMBER, AND THE OTHER TWO ARE ODD NUMBERS

FORMATION AND SELF-ASSEMBLING OF A HIGH-MOLECULAR BLOCK
COPOLYMER LAYER HAVING POLYMERS Pa, Pb N S20
WHERE PHASE-SEPARATION CYCLE: d

ETCHING OF ONE OF THE POLYMERS Pz, Pb OF THE HIGH-
MOLECULAR BLOCK COPOLYMER LAYER

ETCHING OF THE SUBSTRATE USING THE ETCHED HIGH-MOLECULAR
BLOCK COPOLYMER LAYER AS A MASK
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1
METHOD FOR FORMING PATTERN AND
METHOD FOR MANUFACTURING
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-059140,
filed on Mar. 20, 2014; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a
method for forming pattern and a method for manufacturing
a semiconductor device.

BACKGROUND

High densification of a semiconductor device has been
attained by miniaturization of a size of a pattern. This minia-
turization has been attained by a lithography technology, in
particular, by shortening of wavelength of an exposure light
source, but increasing in cost of an exposure device becomes
a problem. A double patterning technology in which the pat-
tern created by a conventional exposure device is further
miniaturized has been studied, but processes are complicated,
and therefore, an inexpensive miniaturization technology has
been required.

Therefore, a technology using a block copolymer (BCP) in
which plural kinds of polymer blocks are bonded has been
studied to correspond to miniaturization of the pattern. The
BCP is microphase-separated, aligned in a desired position
and direction, and thereby, it is possible to process a substrate
while using the above as a template (mask).

As amethod to manufacture a line-and-space pattern being
one of typical patterns of a semiconductor device, a method
using a phase-separation structure of a lamellar or a cylinder
from among the microphase-separation modes of the BCP is
devised. In particular, a mask function with high aspect is
expected for alamellar structure compared to a cylinder struc-
ture. Accordingly, a method arranging the lamellar structure
in a desired direction by using a physical guide and a chemical
guide has been studied. In particular, according to the chemi-
cal guide method, it is possible to seamlessly align a self-
assembled pattern at a whole of a desired area, and therefore,
it is considered to be a useful method.

In this chemical guide method, it is necessary to form a line
pattern whose affinity with one composition of a diblock
copolymer is high at a desired line-and-space pattern creation
area on the substrate.

At this time, it is necessary to set a width of the chemical
guide to be 14 of a self-assembled phase-separation pitch to
control a phase-separation alignment without any defect. To
create the chemical guide, a conventional photolithography is
used, but a most advanced lithography technology is neces-
sary to create the fine chemical guide by using the photoli-
thography, and it is difficult to correspond to further minia-
turization request of 10 nm or less.

To avoid these problems, a method to widen the width of
the chemical guide to be %2 or more of the self-assembled
phase-separation pitch, is devised.

However, in this method, a substrate parallel alignment of
lamellar is easy to be induced because a surface energy of the
chemical guide is set to be the same as a surface energy of
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each polymer block in the block copolymer. Namely, reliabil-
ity of the creation of the line-and-space pattern is lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart illustrating a method for forming
pattern according to a first embodiment.

FIGS. 2(a) and 2(b) are a top view and a side view illus-
trating a substrate during the pattern forming.

FIGS. 3(a) and 3(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 4(a) and 4(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 5(a) and 5(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 6(a) and 6(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 7(a) and 7(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 8(a) and 8(5) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 9(a) and 9(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 10(a) and 10(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 11(a) and 11(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 12(a) and 12(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 13(a) and 13(b) are the top view and the side view
illustrating the substrate during the pattern forming.

FIGS. 14(a) and 14(b) are a top view and a side view
illustrating a guide layer according to the first embodiment.

FIGS. 15(a) and 15(b) are a top view and a side view
illustrating a correspondence between the guide layer and a
high-molecular block copolymer according to the first
embodiment.

FIGS. 16(a) and 16(b) are a top view and a side view
illustrating a correspondence between a guide layer and a
high-molecular block copolymer according to a comparative
example.

FIG. 17 is a flow chart illustrating a method for forming
pattern according to a second embodiment.

FIGS. 18(a) and 18(b) are a top view and a side view
illustrating a correspondence between a guide layer and a
high-molecular block copolymer according to the second
embodiment.

DETAILED DESCRIPTION

In one embodiment, a method for forming pattern includes
forming a guide layer on a substrate, forming a copolymer
layer of ahigh-molecular block copolymer on the guide layer;
and forming a phase-separation structure with a phase-sepa-
ration cycle d by self-assembling the copolymer layer. The
high-molecular block copolymer includes a first and a second
polymer. The guide layer includes a first and a second region
disposed on the substrate. Widths of the first and second
region respectively are approximately (d/2)xn and (d/2)xm.
Both of'the first and second region are to be pinned with none
of the first and second polymer. Surface energies of the first
and second region are different from one another. Integers n
and m are odd numbers. Value d is a phase-separation cycle of
the high-molecular block copolymer.

First Embodiment

Hereinafter, embodiments of the present invention are
described with reference to the drawings.
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FIG. 1 is a flow chart illustrating a method for forming
pattern according to a first embodiment. Besides, FIG. 2 to
FIG. 13 are top views and side views each illustrating a
substrate 11 during pattern forming. Reference signals (a), (b)
respectively correspond to the top view and the side view.
Note that a hatching is supplied to a polymer Pa so as to easily
distinguish between polymers Pa. Pb.

In the present embodiment, the substrate 11 including a
guide layer G alternately having regions with a width W1 and
regions with a width W2 is created, a high-molecular block
copolymer layer BPL is formed on the guide layer G, and it is
self-assembled. The self-assembling is a phenomenon in
which a structure having an order is autonomously created.
Note that the present embodiment can be applied for a method
for manufacturing a semiconductor device.

In the present embodiment, a correspondence between the
guide layer G and the high-molecular block copolymer layer
BPL is important, and therefore, the guide layer G and so on
are described before details of the method for forming pattern
are described.

FIG. 14 illustrates the substrate 11 having the guide layer
G. Besides, FIG. 15 illustrates a state in which the self-
assembled high-molecular block copolymer layer BPL is dis-
posed on the guide layer G.

The high-molecular block copolymer layer BPL is made
up of high-molecular block copolymers BP. The high-mo-
lecular block copolymer BP is a copolymer of the polymers
Pa, Pb. The polymers Pa, Pb respectively function as a first
and a second polymer.

The polymers Pa, Pb are, for example, appropriately
selected from the following.

Polystyrene (PS), poly-a-methylstyrene, polydimethylsi-
loxane, polytrimethylsilylstyrene, polymethylmethacrylate
(PMMA), poly-4-vinylpyridine, poly-2-vinylpyridine, poly-
hydroxystyrene, polydimethylsiloxane, polylactide, and
polyhydroxyethylmethacrylate.

As the high-molecular block copolymer BP, for example,
diblock copolymers and triblock copolymers illustrated as
follows can be selected.

Polystyrene (PS)-b-polymethylmethacrylate (PMMA)
Polystyrene-b-poly-4-vinylpyridine
Polystyrene-b-poly-2-vinylpyridine
Poly-a.-methylstyrene-b-poly-4-vinylpyridine
Poly-a.-methylstyrene-b-poly-2-vinylpyridine
Polystyrene-b-polyhydroxystyrene
Poly-a.-methylstyrene-b-polyhydroxystyrene
Polystyrene-b-polydimethylsiloxane
Polydimethylsiloxane-b-polylactide
Polystyrene-b-polyhydroxyethylmethacrylate
Polytrimethylsilylstyrene-b-polylactide
Polytrimethylsilylstyrene-b-polystyrene
Poly-2-vinylpyridine-b-polystyrene-b-poly-2-vinylpyridine
Polystyrene-b-poly-2-vinylpyridine-b-polystyrene
Polylactide-b-polydimethylsiloxane-b-polylactide

Here, “b” in “-b-" represents that the polymer is the block
copolymer.

When the high-molecular block copolymers BP are self-
assembled, the high-molecular block copolymer BP of poly-
mers Pb—Pa is disposed next to the high-molecular block
copolymer BP of polymers Pa—Pb resulting from an affinity
relationship of the polymers Pa, Pb. The affinities between the
polymers Pa with each other, between the polymers Pb with
each other are large, but the affinity between the polymer Pa
and the polymer Pb is small. As a result, the high-molecular
block copolymers BP of the polymers Pa, Pb are arranged
such as Pa—Pb, Pb—Pa, Pa—Pb, Pb—Pa, Pa—Pb, Pb—Pa,
and so on. Namely, the self-assembled high-molecular block
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copolymers BP have a phase-separation structure with a cycle
(it is also called as a “phase-separation cycle”) d, and in case
of'the lamellar structure, this cycle d corresponds to widths of
two phases of the Pa-phase and the Pb-phase of the phase-
separated high-molecular block copolymer.

Note that for easy to understanding, in the drawing, a
boundary between the Pa-phase and the Pb-phase is denoted
by a solid line. However, molecules of the polymer are actu-
ally in a complicated state to some extent, and it is not gen-
erally divided by a clear boundary. This is the same in the
other drawings.

Note that an arrangement of the polymers Pa, Pb is in a
lamellar state. Namely, a combination of the polymers Pa, Pb
arranged in the lamellar state by the self-assembling and
self-assembling conditions is selected.

The guide layer G alternately has the regions with the width
W1 (region W1) and the regions with the width W2 (region
W2). Note that here, the region and the width thereof corre-
spond, and therefore, reference symbols W1, W2 are used to
identify both the regions and the widths thereof.

Surface energies E1, E2 of the respective regions W1, W2
are different from one another. It is to make it function as a
guide (chemical guide) to determine a direction of lines gen-
erated by the self-assembling and positions of polymer
phases in a line-and-space structure when the regions W1, W2
are self-assembled by the high-molecular block copolymers
BP. Basically, the high-molecular block copolymers BP are
arranged along the boundary of the regions W1, W2. Specifi-
cally, the boundary between the polymer Pa phase and the
polymer Pb phase is disposed to correspond to the boundary
between the regions W1, W2.

The region W1 functions as “a first region whose width is
approximately (d/2)xn, and which is not pinned with either
the first or second polymer (n: odd number)”. Besides, the
region W2 functions as “a second region whose surface
energy is different from the first region, whose width is
approximately (d/2)xm, and which is not pinned with either
the first or second polymer (m: odd number)”. The details are
described later.

Various composing materials can be selected for the guide
layer G. As the composing materials of the guide layer G, for
example, a random copolymer can be used. The random
copolymer is one in which plural monomers are arranged at
random, and is able to be formed by mixing and polymerizing
plural monomers. The mixed monomers are accidentally
polymerized, and thereby, the random copolymer made up by
disposing plural monomer components at random is formed.
A surface energy of the random copolymer can be appropri-
ately set by making a mixture ratio of the plural monomer
components different.

In particular, when the polymers Pa, Pb of the high-mo-
lecular block copolymer BP are used for the polymer com-
ponents of the random copolymer, it becomes easy to make
the surface energies E1, E2 of the regions W1, W2 correspond
to the arrangement of the self-assembled high-molecular
block copolymers BP. The details are described later.

Here, it is preferable that the widths W1, W2 and the
surface energies E1, E2 of the regions W1, W2 satisfy the
following expression (1) and the expression (2), or the expres-
sion (3) with the cycle d of the phase-separation structure of
the high-molecular block copolymer BP, and surface energies
Ea, Eb of the respective polymers Pa, Pb.

W1=(d/2)xn

W2=(d/2)xm expression (1)
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Here, integers n, m are odd numbers, and they may be the
same or different. Note that the integers n, m may be one, but
it is preferably the odd number of three or more to set the
widths W1, W2 to be large to some extent.

El=[Eax(n-1)/2+Ebx(n+1)/2]/n expression (2)

=FEax(n—-1)/2n)+ Ebx(n+1)/(2n)
E2=Eax(m+1)/2m)+ EbxX(m—1)/(2m)

El =Eax(n+1)/(2n) + Ebx(n—1)/(2n) expression (3)

E2=Eax(m—-1)/2m)+ EbX(m+1)/(2m)

Here, the surface energies E1, E2 are each an energy per a
unit length, and therefore, in the expressions (2), (3), whole
energies at the respective widths W1, W2 are found, and they
are divided by the number of lines n, m.

The integers n, m are the odd numbers, and therefore, the
numbers of lines of the corresponding polymers Pa phase, Pb
phase at the regions W1, W2 are different, and either one
phase is one line more in the number of lines of the phase than
the other phase.

Besides, as it is already described, the polymers Pa phase,
Pb phase are arranged in sequence such as Pa—Pb, Pb—Pa,
and Pa—Pb, and therefore, when the number of lines of the
polymer Pb phase is larger than the number of lines of the
polymer Pa phase in the region W1, the number of lines of the
polymer Pb phase becomes smaller than the number of lines
of the polymer Pa phase in the region W2.

Note that in the expression (1), an error to some extent is
allowed. Originally, it is allowed that the integers n, m vary
within a range of, for example, £0.1 or £0.2. Namely, the
width W1 is allowed as long as it is approximately equal to
(d/2)xn.

Otherwise, the widths W1 and W2 determined in a device
design are adjustable within a range of +0.1 or 0.2 relative to
a value calculated from the cycle d of the block copolymer.

The expressions (2), (3) respectively correspond to a case
when the number of lines of the polymer Pb phase is larger
than the number of lines of the polymer Pa phase, and when it
is smaller in the region W1 (when the number of lines of the
polymer Pb phase is smaller than the number of lines of the
polymer Pa phase, and a case when it is larger in the region
W2).

In this case, a state in which the integers n, m are the odd
numbers is represented as follows.

It is assumed that the integer n is an even number. In this
case, the same number of lines of the polymers Pa phase, Pb
phase exist in the region W1. In this case, the surface energy
E1 in the region W1 becomes as follows.

E1=(Ea+Eb)/2

Similarly, the surface energy in the region W2 becomes as
follows.

E2=(Ea+Eb)/2

As stated above, when both of the integers n, m are even
numbers, the surface energies E1, E2 of the regions W1, W2
become the same. Namely, the surface energies E1, E2 are
constant at both of the regions W1, W2, and it is impossible to
arrange the polymers Pa, Pb. To arrange the polymers Pa, Pb,
it is necessary that the surface energies E1, E2 of the regions
W1, W2 are different.

Both of the integers n, m are set to be the odd numbers, and
thereby, one of the polymers Pa, Pb is more than the other by
one line. As a result, the surface energies E1, E2 become
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different from one another, and the arrangements of the poly-
mers Pa, Pb in the regions W1, W2 become possible.

Note thata case when one of the integers n, m is setto be the
odd number is described later as a second embodiment.

It is assumed that the number of lines of the polymer Pb
phase is larger than the number of lines of the polymer Pa
phase by one line in the region W1. Then, the polymer Pb
phase is smaller than the polymer Pa phase by one line in the
region W2 resulting from cyclic characteristics of the
arrangement of the polymers Pa phase, Pb phase. After that,
the polymer Pb phase is larger than the polymer Pa phase by
one line in the next region W1, and the polymer Pb phase is
smaller than the polymer Pa phase by one line in the next
region W2. Namely, there is a correspondence between the
cyclic characteristics of the polymers Pa phase, Pb phase and
the arrangement of the regions W1, W2.

The surface energies of the regions W1, W2 are set as in the
expression (2) or (3), and thereby, the arrangement of the
polymers Pa, Pb having the surface energies of Ea, Eb and the
surface energies of the regions W1, W2 correspond, and the
guide of the polymers Pa, Pb by the arrangement of the
regions W1, W2 becomes casy.

Here, when the polymers Pa, Pb, the integers n, m are
determined, it is preferable to select either of the expressions
(2), (3) so that a difference between the surface energies F1,
E2 becomes large. The larger the difference between the
surface energies E1, E2 is, the larger a possibility in which the
polymers Pa, Pb are stably arranged becomes.

As combinations (n, m) of the integers n, m, various values
suchas (3,3),(3,5), 3,7),(5,5),(5,7), (7,7) can be applied.

Note that when both of the integers n, m become large to
some extent, the difference between the surface energies F1,
E2 of the regions W1, W2 becomes small. Accordingly, it is
preferable that both of the integers n, m are to be, for example,
nine or less.

As an example, it is assumed that (n, m)=(5, 7).

At this time, the polymers arranged in the region W1 are
either of “three Pa phases+two Pb phases™ or “two Pa phases+
three Pb phases”. Besides, in respective cases of the former
and the latter, the polymers arranged in the region W2 are
“three Pa phases+four Pb phases”, “four Pa phases+three Pb
phases”. Here, “three Pa phases+two Pb phases” represents
that the three lines of the polymer Pa phases and the two lines
of'the polymer Pb phases are arranged in the region.

At this time, the widths W1, W2 are preferably dx5/2,
dx7/2 respectively.

Namely, there can be the following cases (1), (2).

(1) The region W1: “three Pa phases+two Pb phases”, the
region W2: “three Pa phases+four Pb phases”
(2) The region W1: “two Pa phases+three Pb phases”, the
region W2: “four Pa phases+three Pb phases”

At this time, the random copolymer of the polymers Pa, Pb
can be selected for the guide layer G. It is possible to use the
random copolymers whose compounding ratios of the poly-
mers Pa, Pb are respectively “3:2” and “3:4” for the regions
W1, W2.

For example, in a semiconductor device, a positional rela-
tionship between the lines of the Pa phases and the Pb phases
is important when the line-and-space pattern is created. In the
present embodiment, the surface energies E1, E2 of the
widths W1, W2 are set to be intermediate values of the surface
energies Ea, Eb of the polymers Pa phase, Pb phase, and
values distinguishable from one another to make clear the
positional relationship.

Besides, conditions in themselves of the expressions (2),
(3) have ranges to some extent. Namely, originally, it is
allowed that the integers n, m vary within a range of, for
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example, +0.1 or £0.2. Namely, the surface energy E1 is
allowed as long as it is approximately equal to “Eax(n-1)/
(2n)+Ebx(n+1)/(2n)”.

Besides, in the present embodiment, both of the regions
W1, W2 on the guide layer G are not pinned with either of the
polymers Pa, Pb. Accordingly, the lamellar phase-separation
structure is difficult to be aligned in a direction in parallel to
a main surface of the substrate 11 (stability in arrangement),
and reliability of the creation of the line-and-space pattern
improves.

Hereinafter, the details of the method for forming pattern in
the embodiment are described. In the present embodiment,
the pattern is formed by the following procedure.

Here, a case when PS, PMMA are used as the polymers Pa,
Pb, and when n=5, m=7 is described as an example. A phase-
separation cycle of the PS-PMMA is set to be d=26 nm.

At this time, the widths W1, W2 are as follows.

Wl=dxn/2=26x5/2=65 nm

W2=dxm/2=26x7/2=91 nm

A. Formation of Guide Layer G Alternately Having Regions

W1, W2 (Step S10, Refer to FIG. 2 to FIG. 7)

The guide layer G alternately having the regions W1, W2 is
formed on the substrate 11.

(1) Preparation of Substrate 11 (Refer to FIG. 2)

The substrate 11 is prepared. As the substrate 11, for
example, a silicon substrate can be used. Here, it is preferable
to firmly bond the substrate 11 with the guide layer G.
Accordingly, a copolymer bonding layer (pinning layer) 12
which is bonded (pinning) to the guide layer G is formed at
the substrate 11. For example, an SiO, film can be used for the
copolymer bonding layer 12. As it is described later, a mate-
rial having a hydroxyl group and so on is used for the guide
layer G, and thereby, it is possible to bond the guide layer G
to the SiO, film.

As stated above, for example, the silicon substrate where
the SiO, film with the thickness of 20 nm is formed can be
used as a combination of the substrate 11 and the copolymer
bonding layer (pinning layer) 12. The SiO, film can be
formed by using appropriate methods such as thermal oxida-
tion and sputtering. Besides, so-called as an SOG substrate
using an SOG (Spin on Glass) may be used as the silicon
substrate where the SiO, film is formed.

(2) Formation of Guide Layer G (Refer to FIG. 3 to FIG. 7)
The guide layer G having the regions W1, W2 is formed.
Here, material layers M1, M2 are formed, patterned, to

thereby form the guide layer G.

1) Formation of Material Layer M1 (Refer to FIG. 3)

For example, the material layer M is formed on the copoly-
mer bonding layer 12 as described below.

The PS-PMMA random copolymer (PS:PMMA=6:4) hav-
ing the hydroxyl group at an end (material M1) is coated. For
example, after a heat treatment is performed for three minutes
on a hot plate at 210° C., spin cleaning is performed by a
solvent (PGMEA), and a graft film (material layer M1) of the
PS-PMMA (material M1) is created on the copolymer bond-
ing layer 12. Note that the spin cleaning is to remove the
material M1 which is not bonded (anchoring) to the copoly-
mer bonding layer 12.

2) Patterning of Material Layer M1 (Refer to FIG. 4 to FIG. 5)
For example, a mask is formed on the copolymer bonding

layer 12 as described below to perform the patterning of the

material layer M1.

Formation of Mask (Refer to FIG. 4)

A resist layer 13 is formed on the material layer M1. For
example, a positive-type ArF resist is coated on the material
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layer M1. After that, the resist layer 13 is exposed and devel-
oped, and thereby, a pattern with 65 nm (=width W1) lines and
91 nm spaces (=width W2) is created.

Patterning of Material Layer M1 (Refer to FIG. 5)

The material layer M1 exposed from the developed resist
layer 13 is removed by etching (for example, oxygen etch-
ing). As a result, the width W2 space in which the copolymer
bonding layer 12 is exposed can be created.

3) Formation of Material Layer M2 (Refer to FIG. 6)

For example, the material layer M2 is formed on the
exposed copolymer bonding layer 12 as described below.

A PS-PMMA random copolymer (PS:PMMA=4:3) having
the hydroxyl group at an end (material M2) is coated. For
example, after the heat treatment is performed for three min-
utes on the hot plate at 210° C., the spin cleaning is performed
by the solvent (PGMEA), and a graft film (material layer M2)
of'the PS-PMMA (material M2) is created on the copolymer
bonding layer 12.

4) Patterning of Material Layer M2 (Refer to FIG. 7)

For example, the substrate 11 is immersed in a resist strip-
ping solution to remove the patterned resist layer 13 (resist
pattern). As a result, an alternate line pattern of the graft films
of'the PS-PMMA (material M1) and the PS-PMMA (material
M2) can be formed by a lift-off.

B. Formation and Self-Assembling of High-Molecular Block
Copolymer Layer (Step S20, Refer to FIG. 8 to FIG. 9)

The high-molecular block copolymer layer BPL is formed
on the guide layer G, and is self-assembled. By the self-
assembling, the high-molecular block copolymers BP are
disposed in a line state at the copolymer layer BPL.

For example, the block copolymer BP made up of
PS:PMMA (1:1) is coated on the substrate 11 (refer to FIG.
8), it is heat-treated for two minutes on the hot plate at 200° C.
to thereby obtain a phase-separation pattern (refer to FIG. 9).
C. Etching of High-Molecular Block Copolymer Layer BPL
(Step S30, Refer to FIG. 10)

The self-assembled high-molecular block copolymer layer
BPL is etched. For example, the PMMA phase is removed by
the oxygen etching.

D. Etching of Substrate 11 (Step S40, Refer to FIG. 11 to FIG.
13)

The copolymer bonding layer 12 and the substrate 11 are
etched while using the etched copolymer bonding layer 12 as
a mask. Specifically, the copolymer bonding layer 12, the
substrate 11 are etched in sequence as described below.

(1) Etching of Copolymer Bonding Layer 12 (Refer to FIG.
11)

The etched high-molecular block copolymer layer BPL is
used as a mask, and the copolymer bonding layer 12 (SiO,
film) is etched by using, for example, CHF; gas.

(2) Etching of Substrate 11 (Refer to FIG. 12 to FIG. 13)

The etched copolymer bonding layer 12 is used as a mask,
and the substrate 11 is etched while using 1:1 mixed gas of,
for example, SF¢ and oxygen. As a result, the line-and-space
pattern of 13 nm is obtained.

Comparative Example

Comparative examples will be described.

FIG. 16 illustrates a state in which the self-assembled
high-molecular block copolymer layer BPL is disposed on a
guide layer Gx, and it corresponds to FIG. 15.

In the guide layer Gx, regions with a width Wx1 (=(%2) d)
and regions with a width Wx2 (=nd) are alternately disposed.
The region with the width Wx1 has affinity for the polymer
Pa, and the polymer Pa is pinned. The region with the width
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Wx2 has neutral affinity for the polymers Pa, Pb, and neither
of the polymers Pa, Pb are pinned.

As a result, the self-assembled high-molecular block
copolymer layer BPL is pinned, and arranged by the region
with the width Wx1 (=V4d).

However, the width of the region with the width Wx1 is 12
of the phase-separation cycle d, and therefore, processing
accuracy by the lithography, and so on is required.

On the other hand, in the embodiment, it is possible to
make the widths larger than the phase-separation cycle d in
both of the regions with the widths W1, W2. Specifically,
when the line-and-space pattern is created by using the BCP
of the lamellar phase-separation, it is possible to make a
chemical guide width for arrangement control of a
microphase separation to be 3/2 times or more of the phase-
separation cycle d (when n, m are set to be three or more).

As stated above, in the embodiment, it is possible to reduce
the requirement for the processing accuracy of a pre-pattern
creation (chemical guide creation).

Besides, as stated above, the lamellar phase-separation
structure is difficult to be aligned in a direction in parallel to
the main surface of the substrate 11 (stabilization of arrange-
ment), and the reliability of the creation of the line-and-space
pattern improves. Namely, the arrangement is stabilized, and
the reliability of the pattern creation improves.

Second Embodiment

The second embodiment of the present invention is
described.

FIG. 17 is a flow chart illustrating a method for forming
pattern according to the second embodiment. Besides, FI1G.
18 illustrates a state in which the self-assembled high-mo-
lecular block copolymer layer BPL is disposed on a guide
layer Ga, and it corresponds to FIG. 15. FIG. 16.

In the guide layer Ga, regions with widths W1, W2, W3 are
cyclically arranged.

At this time, the widths W1 to W3 of the regions W1to W3
preferably correspond to the cycle d of the phase-separation
structure of the high-molecular block copolymer BP as fol-
lows.

W1=(d/2)xnl
W2=(d/2)xn2

W3=(d/2)xn3 expression (11)

Here, one of nl to n3 is an even number, and the other two
are odd numbers. The two odd numbers may be the same or
different. Note that the two odd numbers may be one, but it is
preferable to be the odd number of three or more so as to set
the widths W1 to W3 to be large to some extent.

Thereby, it is possible to make surface energies of the
regions W1 to W3 different, and to correspond to the arrange-
ment of the polymers Pa, Pb. Note that in this method, for-
mations and etchings of three material layers M1 to M3
become necessary to form the regions W1 to W3 in step S10a
in FIG. 17.

The present embodiment is common to the first embodi-
ment in other points, and therefore, detailed description is not
given.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
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embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A method for forming a pattern using a high-molecular
block copolymer including a first polymer and a second poly-
mer, the method comprising:

forming a guide layer on a substrate, the guide layer includ-

ing a first region and a second region disposed on the
substrate, widths of the first and second regions respec-
tively being approximately (d/2)xn and (d/2)xm, both of
the first and second regions to be pinned with none ofthe
first and second polymer, and surface energies of the first
and second regions being different from one another,
where n, m: odd number, and d: a phase-separation cycle
of the high-molecular block copolymer;

forming a copolymer layer of the high-molecular block

copolymer on the guide layer; and

forming a phase-separation structure with the phase-sepa-

ration cycle d by self-assembling the copolymer layer.

2. The method for forming a pattern of claim 1,

wherein integers n and m are three or more.

3. The method for forming a pattern of claim 1,

wherein the phase-separation structure is a lamellar phase-

separation structure.

4. The method for forming a pattern of claim 1,

wherein the first and second polymers respectively have

surface energies Ea, Eb different from one another,

the surface energy of the first region is approximately (Eax

(n-1)/(2n)+Ebx(n+1)/(2n)), and
the surface energy of the second region is approximately
(Eax(m+1)/(2m)+Ebx(m-1)/(2m)).

5. The method for forming a pattern of claim 1,

wherein the first and second polymers respectively have

surface energies Ea, Eb different from one another,

the surface energy of the first region is approximately (Eax

(n+1)/(2n)+Ebx(n-1)/(2n)), and
the surface energy of the second region is approximately
(Eax(m-1)(2m)+Ebx(m+1)/(2m)).

6. The method for forming a pattern of claim 1,

wherein the guide layer is a random polymer of the first and

second polymers.

7. The method for forming a pattern of claim 6,

wherein composition ratios of the first and second poly-

mers at the first and second regions are different from
one another.

8. The method for forming a pattern of claim 7,

wherein the composition ratio of the first and second poly-

mers at the first region is approximately (n-1):(n+1),
and

the composition ratio of the first and second polymers at the

second region is approximately (m+1):(m-1).

9. The method for forming a pattern of claim 7,

wherein the composition ratio of the first and second poly-

mers at the first region is approximately (n+1):(n-1),
and

the composition ratio of the first and second polymers at the

second region is approximately (m-1):(m+1).

10. The method for forming a pattern of claim 1,

wherein the guide layer includes a plurality of the first

regions and a plurality of the second regions alternately
disposed on the substrate.

11. A method for manufacturing a semiconductor device
using a high-molecular block copolymer including a first
polymer and a second polymer, the method comprising:
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forming a guide layer on a substrate, the guide layer includ-
ing a first region and a second region disposed on the
substrate, widths of the first and second regions respec-
tively being approximately (d/2)xn and (d/2)xm, both of
the first and second regions to be pinned with none of the
first and second polymers, and surface energies of the
first and second regions being different from one
another, where n, m: odd number, and d: a phase-sepa-
ration cycle of the high-molecular block copolymer;

forming a copolymer layer of the high-molecular block 10

copolymer on the guide layer;
forming a phase-separation structure with the phase-sepa-
ration cycle d by self-assembling the copolymer layer;
etching one of the first and second polymers of the self-
assembled copolymer layer; and
etching the substrate using the etched copolymer layer as a
mask.
12. The method for manufacturing the semiconductor
device of claim 11,
wherein integers n and m are three or more.
13. The method for manufacturing the semiconductor
device of claim 11,
wherein the phase-separation structure is a lamellar phase-
separation structure.
14. The method for manufacturing the semiconductor
device of claim 11,
wherein the first and second polymers respectively have
surface energies Ea, Eb different from one another,
the surface energy of the first region is approximately (Eax
(n-1)/(2n)+Ebx(n+1)/(2n)), and
the surface energy of the second region is approximately
(Eax(m+1)/(2m)+Ebx(m-1)/(2m)).
15. The method for manufacturing the semiconductor
device of claim 11,
wherein the first and second polymers respectively have
surface energies Ea, Eb different from one another,
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the surface energy of the first region is approximately (Eax
(n+1)/(2n)+Ebx(n-1)/(2n)), and
the surface energy of the second region is approximately
(Eax(m-1)/(2m)+Ebx(m+1)/(2m)).
16. The method for manufacturing the semiconductor
device of claim 11,
wherein the guide layer is a random polymer of the first and
second polymers.
17. The method for manufacturing the semiconductor
device of claim 16,
wherein composition ratios of the first and second poly-
mers at the first and second regions are different from
one another.
18. The method for manufacturing the semiconductor
device of claim 17,
wherein the composition ratio of the first and second poly-
mers at the first region is approximately (n-1):(n+1),
and
the composition ratio of the first and second polymers at the
second region is approximately (m+1):(m-1).
19. The method for manufacturing the semiconductor
device of claim 17,
wherein the composition ratio of the first and second poly-
mers at the first region is approximately (n+1):(n-1),
and
the composition ratio of the first and second polymers at the
second region of the guide layer is approximately
(m-1):(m+1).
20. The method for manufacturing the semiconductor
device of claim 11,
wherein the guide layer includes a plurality of the first
regions and a plurality of the second regions alternately
disposed on the substrate.
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